PCX 



BEST AVAILABLE COPY 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intematioii^ Buzeau 



Doc KCT. rtri. 

Ami No. To Be Assigned (U,S. 
Nafl Phase of PCT/EP2004/009043) 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Ciassfficafioii ^ ; 
A61K 35/16, C07K 3/12 



Al 



(11) International PabUcatioii Number: WO 94/26287 

(43) Intmational Poblkation Date: 24 November 1994 (24.1 1.94) 



(21) Intmational Appfication Number: PCT/SE94y00422 

(22) International Filing Date: 6 May 1994 (06.05.94) 



(30) Priority Data: 
9301582^ 



7 May 1993 (07.05.93) 



SE 



(71) Applicant (for all designated States except US}i KABI PHAR- 
MACIA AB [SE/SE]; S-751 82 Uppsala (SE). 

(72) Inyentors; and 

(75) Inventors/Applicants (for US only)'. ISAKSSON, Sven 
[SE/SEl; Mogaidsvagen 37, 8-143 43 Vfiiby (SE). WINGE. 
Ste&n [SE/SEl; Faflyurslcvanigatan 32, S-118 64 Stoddiolm 
(SE). 

(74) Agents: TANNERFEIDT, Agneta et aL; KaW Phamiacia AB, 
5-112 87 Stoc^hn (SE). 



(gl) Designated States: AT. AU, BB, BG. BR, BY, CK CH. CN. 
(2, DE. DK, ES, FI, GB. GE, HU, JP, KP, KR, KZ, LK, 
LU, LV. MG. MN, MW. NL» NO, NZ, PL. FT, RO. RU, 
SD, SE, SI, SK, TT. UA. US, UZ, VN, European patent 
(AT, BE, CH, DE, DK, ES. FR. GB, GR, IE, IT, LU, MC, 
NL, FT, SE), GAP! patent (BF. BJ, CF, CX3. CI, CM. GA, 
GN, ML, MR, NE, SN, TD,TG). 



Published 

With international search report 



(54)ritle! PURfflCATION OF PLASMA PROTEINS 
(57) Abstract 

This invention relates to a process for reduction of virus inactivating chemicals and/or detergente in an aipi«ws c^npoatio^ c«itaini^ 
a water-soluble plasma protein. By selecting a suitable cOTibination of temperature and concentration above 03 M of a s^t wift ahjgh 
saltine out effect according to the Hofineister series, vesicles containing the virus inactivating chemical and/<» detogent are foimed. THese 
vesicles are removed from the aqueous phase, e.g. by phase separation or filtration, and the protein hereafter isolated from the aqueous 
phase. TTie water-soluble plasma protein can be e.g. antidinnnbin m, transfeixin or albumi^ When the aqueous phase comprises e g. a 
salt of citrate or sulphate in a concentration above I M at room temperature, the reduction of vmis mactnralmg chemical w deiergpnt can 
be as high as 2000 times or more, giving a final concentration below 5 ppm. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to die PCT on the frwit pages of paii5>hlets pubUshing international 
applications under the PCT. 





Austm 


GB 


United SngdoD 


AU 


Australia 


GE 


Georgia 


BB 


Boxbodoe 


GN 


Guinea 


BE 


Bdg^mn 


GR 


Oreeoe 


BF 


BufcfaiA Fbso 


BO 


Huzigary 


BG 


Bolgste 


IE 


Ireland 


BJ 


Beom 


IT 


Italy 


BE 


Bn^ 


JP 


J^»n 


BY 


BebnuB 


K£ 


Kenya 


CA 




KG 


Kyrgystan 


CF 


Cteoixsl Afikan RepobUc 


KP 


Democratic Peoide*s B 


CG 


Congo 




of Korea 


CH 


SwitzedAOd 


KR 


RepidiUc of Korea 


a 


Cdte dlvoire 


KZ 




CM 


CamoDOD 


U 




ON 


QUDA 


U 


SttLaidca 


CS 


Czecfao8lov«kia 


LC 


Lncmboiffg 


CZ 


Czech RcpnbUc 


LV 


Latvia 


DE 


Gennaay 


MC 


Monaco 


0K 

ES 


MD 


Republic of Moldova 


Spain 


MG 


Madagascar 


FI 
FR 


ML 


MaU 




MN 


Mongolia 


GA 









MR 


Mauritania 


MW 


Malawi 


NE 


Nigs 


NL 


Nedicrlands 


NO 


Norw^ 


SZ 


NewZealazid 


PL 


Polanl 


FT 


Poitagal 


RO 


Romania 


RD 


Kosnan Pederafion 


SD 


Sudan 


SE 


Sweden 




Slovenia 


SK 


Slovakia 


SN 


Senegal 


ID 


Chad 


TG 


Togo 


TJ 


Ta^kistsn 


TT 


IHnidad and Tobago 


VA 


Ukxaine 


CS 


United Statea of Ametica 


HZ 


Uzbekistan 


VN 


Viet Nam 



wo 94/26287 



PCT/SE94/00422 



1 

PURinCATION OF PLASMA PROTEINS 

This invention relates to a process for reduction of virus inacti- 
vating chemicals and/or detergents in an aqueous composition 

5 containing a water-soluble plasma protein. By selecting a suit- 
able combination of temperature and concentration above 0.5 M 
of a salt with a high salting out effect according to the Hofmeis- 
ter series, vesicles containing the virus inactivating chemical 
and/or detergent are formed. These vesicles are removed from 

10 the aqueous phase, e.g. by phase separation or filtration, and the 
protein thereafter isolated from the aqueous phase. When the 
aqueous phase comprises a salt of citrate or sulphate in a con- 
centration above 1 M at room temperature, the reduction of 
virus inactivating chemical or detergent can be as high as 2000 

15 times or more, giving a final concentration below 5 ppm. 

jp ^^ykpround o f invention 

The inactivation of virus in blood products such as factor VIII. 

20 albumin, factor IX and antithrombin is a known problem for 

manufacturers. This has normally been solved by heating. If the 
product is not inactivated by such a process, adding of virus 
inactivating chemicals may be used. In this case, however, there 
is a need for removing the added chemicals before use of the 

25 medical products. 

EP-A-0 218 090 (Miles Laboratories) relates to a process for 
separating and recovering proteins or nucleic acids, from an 
aqueous system also containing a component having the ability 

30 to create two liquid phases by use of salt partitioning technolo- 
gy. In this process, a polymer and a water soluble salt, such as 
potassium or sodium phosphate or ammonium sulphate, are 
added to the protein or nucleic acid, whereupon the resulting 
solution is left to separate. Information about virus inactivating 

3 5 chemicals or detergents is lacking, as is information about tech- 
niques to reduce the concentration of such compounds to a phar- 
maceutically acceptable level. 
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EP-A-0 239 859 (New York Blood Center) relates to a method for 
removing lipid soluble process chemicals, such as virus inactivat- 
ing solvents and/or detergents, from biological materials, by con- 
5 tacting the biological material with an oil extract, agitating the 
resultant mixture, separating out an upper phase and a lower 
phase by sedimentation or centrifugation, and decanting the 
upper phase containing oil and extracted process chemicals. 
There is no information about addition of organic or inorganic 
10 salts with a high salting out effect or the possible advantage 

derived by their presence. The lack of these salts in the aqueous 
phase necessitates a complicated process with repeated extrac- 
tion steps to arrive at a sufficiently low level of the virus inacti- 
vating solvents and/or detergents. 

15 

Another method is disclosed in EP-A-0 131 740 (New York Blood 
Center), in which a protein-containing composition is virus inacti- 
vated by contacting the composition with di- or trialkylphos- 
phate, preferably in the presence of a non-ionic detergent. Acco- 
20 rding to this disclosure, the di- or trialkylphosphate is removed 
by precipitation of the protein with glycine and sodium chloride. 
The detergent can be removed by several steps, chosen among 
diafiltration, adsorption on chromatographic supports and preci- 
pitation. 

25 

These methods may be laborious, time consuming and may often 
not give a satisfying reduction of detergents and virus inactivat- 
ing chemicals. 

30 From an article by R A Ramelmeier et al, Bioseparation 2; 315- 
324, 1991, it is known that a hydrophobic enzym can be purified 
from fermentation broths in a detergent based aqueous two- 
phase system by variation of e.g. temperature and salt concen- 
tration. No higher salt concentration than 0.2 M was used. The 

3 5 enzyme is recovered in the detergent phase and can be recover- 
ed to 80-90%. 
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ppf ^rription ^}}^ invention 



We have now surprisingly found that when the concentration of 
certain salts is increased to above 0.5 M in a composition contai- 

5 ning a plasma protein (either fractionated from plasma or recom- 
binant produced), a virus inactivating chemical, preferably tn-n- 
butyl phosphate (TNBP). and/or a detergent, preferably a 
Triton®, the concentration of TNBP can be reduced to below 1 
ppm and the concentration of Triton can be reduced to below 5 

10 ppm in the aqueous phase. 

We have thus found a process for purifying a protein composi- 
tion to which virus inactivating chemicals or detergents or mix- 
tures thereof, have been added. This one-step process is easier to 

15 perform than the earlier known multi-step processes. Further- 
more; the present process can be carried out rapidly, since the 
formation of vesicles will be close to instantaneous. Also, the pro- 
cess gives a lower or equal amount of the virus inactivating 
chemicals and detergents in the final product than the earlier 

20 known processes. 

The invention thus relates to a process for reducing the concen- 
tration of virus inactivating chemicals and/or detergents m an 
aqueous composition containing a water-soluble plasma protein, 

25 characterised by forming vesicles containing the virus mactiva- 
ting chemical and/or detergent by selecting a suitable combina- 
tion of temperature and concentration above 0.5 M of a salt with 
a high salting out effect according to the Hofmeister series, and 
thereafter removing essentially all the vesicles from the aqueous 

3 0 phase, and subsequently isolating the protein from the aqueous 
phase. 

The present invention can be carried out at a temperature of the 
composition in the range of from O^C up to lO^C. Below 0«>C, the 
3 5 composition is frozen or the viscosity is at least high. Above 70 C. 
the proteins are likely to be denaturated more or less complete- 
ly thereby losing their activity. The temperature of the composi- 
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tion is suitably in the range of from lO^'C up to SCC, and prefer- 
ably from 20'*C up to 30*C. 

Generally, the addition of large amounts of electrolytes to lyophi- 
5 lie sols, i.e. compositions containing very small hydrophilic parti- 
cles, results in the dispersed substance being precipitated. The 
effect is called "salting out". The salting-out effect depends on 
the nature of the ions, mainly the anion but also the cation invol- 
ved. The ions can be arranged in order of their ability to remove 
10 lyophilic substances from colloidal solutions. This is sometimes 
called the Hofmeister series or, more generally, the lyotropic 
series. Reference is here made to S. Glasstone, Textbook of Physi- 
cal Chemistry, van Nostrand Co., Toronto, 2nd ed., April 1946, p. 
1254-1259. Salts with a high salting out effect according to the 
1 5 Hofmeister series are those with an anion with a higher salting 
out effect than the chloride ion. Anions in this region include 
mono-, di- and trivalent anions. Di- or trivalent anions are suit- 
ably used in the present invention, preferably trivalent anions. 
The major examples of the anions in this region are citrate, tart- 
20 rate, sulphate, acetate, phosphate and fluoride, with citrate, tart- 
rate and sulphate being preferred. Cations that can be used to 
advantage in the present invention are monovalent cations, such 
as lithium, sodium, ammonium and potassium. For reasons of 
simplicity and pharmaceutically acceptable additives, sodium, 
25 ammonium or potassium are preferred, sodium being most pre- 
ferable. Thus, especially preferred salts in the present invention 
are sodium citrate, sodium tartrate and sodium sulphate. It is 
also within the scope of the present invention, that mixtures of 
salts with different anions and/or cations as disclosed above, can 
3 0 be used to advantage. Also, addition of the same or different 
salts as disclosed above, can be carried out to advantage in a 
sequence. 

The inventors of the present invention have now surprisingly 
3 5 found that when the salt concentration is increased above 0.5 M 
according to the present invention, the virus inactivating chemi- 
cal and/or detergent will form vesicles, preferably micelles, in 
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• »f beine precipitated. The formation of vesic- 

r 'TZ irl. in ~ Jion of Virus inactivating che- 

,es and ^^'J^^''^^ obtainable thereby, is dependent upon 

™cals 'f^'J'';;^^!^,,,,,, and concentration of the salt 
the combmanon of tempera 

a high salnng out preferably above 1 M. By 

t™" " roomtVrature a lower salt 
increasmg the ^mperatures a higher salt 

concen^aUon ca„J« u«d. A ^ ^,„een 0=C 

T7~d the"ce„.ration^ho»U then be above 15 and 

and 70 C ana aat should not 

preSrr-siir: of p- --r .r 

Tn?s^eTt^ r«ir:1-^^»ru.atL virus inacti- 
composmon s essentially completely 

, yating chemical and/or detergen 

"^rro. ^ r^^tu^Jetf Te on Phase. Thus an oil. 
present, in or a the W .composition before 

e.g. soybean ^.e vesicles are separated 

a,e phase separation. In *> "^^^ ' .„.ein-containing 
' sXr sldenTe UmeU oil present lies in 

rrgeCfrot about ,0 min up ^^^1^^ 
residence time without oi- being p..s» . ^« " 
from about 15 mm up to about 4 ho»^ 
° ::.;Tcrt:et:;^s:rfrrm^—eo„sly under the 
clVly selected condiUons of the present invention. 

- Virus — ra^ttl/-™^^^^^ 
3 5 in nature, as is at least a pari Hiaiwi- or trialkyl- 

r.rj:rs.,,,.- .. 



«,rv «^„-,-, PCT/SE94/00422 
WO 94/2£287 



6 

unsubstituted alkyl gropus, suitably with 1 to 10 carbon atoms. 
Examples of suitable trialkylphosphates are those where the 
alkyl group is n-butyl, t-butyl, n-hexyl, 2-ethylhexyl and n- 
decyl. The virus inac-tivating chemical is preferably tri-n-butyl 
5 phosphate (TNBP). Mixtures of various dialkylphosphates can 
also be used, as well as mixtures of various trialkylphosphates. 
Mixtures of dialkyl-phosphates and trialkylphosphates are also 
possible to use within the scope of the present invention. 

10 The detergent is suitably a non-ionic detergent, such as a poly- 
oxyethylene ether, e.g. a Triton®, or a polyoxyethylene sorbitan 
fatty acid ester, such as polyoxyethylene-(20)-sorbitan monolau- 
rate or polyoxyethylene-(20)-sorbitan monooleate. Preferably, 
the detergent is Triton® X-100. 

15 

The protein can be e.g. factor VIII. factor IX, albumin, transfer- 
rin, alphai-acid glycoprotein or antithrombin III. The protein to 
be treated can be manufactured according to general methods 
for fractionating plasma and separating the different plasma 
20 proteins, or by recombinant methods. 

The virus inactivating step includes the addition of a detergent 
(e.g. a Tween® and/or Triton® X-100) and a virus inactivating 
chemical, e.g. tri-n-butyl phosphate (TNBP) to the protein in an 

25 aqueous solution. Thereafter, the aqueous solution is stirred. 
Subsequently, the temperature and salt concentration of the 
composition are adjusted to form vesicles. To the inactivated 
solution an oil is preferably added (e.g about 5 %). Thereafter, the 
mixture can be phase separated in a separation device such as 

30 separation funnel. The protein can be easily isolated from the 

aqueous phase, e.g. by diafilti-ation, desalting, chromatography or 
precipitation. 

The pH is normally above 5, preferably above 6. 

35 

The pharmaceutically acceptable concentration of virus inactiva- 
ting chemicals and detergents vary depending on the particular 
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„H With the present process, less than 5 ppm of deter- 
oompound Wnhjhe p chemical .s 

gent and les ' JP ooncentrations are 

normally f""" >» Agnized phannaceutically acceptable 
«eU below commonly recogn P^^^ ^^^^^ ^^^^ ^^^^^^ 

5 »»«""»"°"\°'J""^/needed, other than the isolation of the 
fnnhcr \a,antage in the manufacturing of 

pro«>ln, whtch .s ^ P^;^/"^.^ ^^,,„„i„ , („rt,er puriftcatipn 

p,„„a P~ '1 i„„ exchange or affinity chroma- 

Step appears necessary, au^.i 

1 0 tography. 

• c o„.T.iP«: are intended to illustrate the invention. 
The following Examples are micnuou 

without limiting the scope of said mventton. 

15 l^^sn^: n^anufactured by Pharmacia AB of 

Antithrombin III (AT 111) ^^^^^^ ^^^^ 

Sweden, from blood plasma. The Ai 
the plasma by using a Heparin Sepharose gel. 

.0 TO ,00 m, AT Ul so..lon -J^^ --IVrUT 
.10 pans T^|on® ^"'^ ~^„^,„, „a Union Carbide of 
r.T..C"ve?y.r temperature of *e solution «as ad^us- 

2 5 luu nil uu resultine concentration ot 

phosphate was slowly J^^^^ ,,owly during the 

citrate thus was 1 M. The solutton ^^^^^^^ 
addition, soybean oil was then ^^^^J^ "^^^^^^^^^ ^ase separate 
was slowly stirred for 30 minutes and then left to p 

30 for 90 minutes. 

r A ■ «r «t the uDDer surface of the oil phase. 
Micelles were found m or at tne uppc« j> . a th^ 

Miceiici wt. „,u-,o AT III was found, the 

rntT;:iUrx^r:asC.aI . ppm and the content of 
35 "^tp l Iss than 1 Ppm. T.. recovery of AT 111 activity «as 
more than 95%. 
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Example 2 : 

Transferrin, manufactured by Pharmacia AB of Sweden, was iso- 
lated from FrIV in "Cohn's cold ethanol method" and further 
puriHed by chromatography. 

5 

To 100 ml 2% transferrin solution, 1.5 g stock solution (3 parts 
TNBP +10 parts Triton® X-100) was added. The temperature of 
the solution was adjusted to 24*0 and the solution stirred for at 
least 3 h. 

10 100 ml buffer containing 2 M sodium citrate and 0.05 M sodium 
phospate was slowly added. The resulting concentration of citrate 
thus was 1 M. The solution was slowly stirred during the addition 
and 30 minutes therafter before it was left to phase separate. 

15 The solvent detergent treated solution was split into three equal 
volumes. 

- In the first volume the micelles were separated immediately 
through filtration. 

20 

- The second volume was left to phase separate without any 
further treatment. The bottom phase was then analysed for TNBP 
and Triton® X-100. Micelles were found in or at the upper 
surface of the aqueous phase. 

25 

- Soybean oil was added to the third volume, which subsequently 
was treated according to Example 1. Micelles were found in or at 
the upper surface of the oil phase. 

3 0 With all three methods to separate the micelles from the protein 
solution, the recovery of transferrin activity in the aqueous phase 
was more than 95%. 

The content of TNBP was less then 1 ppm and the content of 
Triton® X-100 was less then 5 ppm with all three methods. 

3 5 

Example 3 : 

Antithrombin III (AT 111) was manufactured by Pharmacia AB of 
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Sweden, from blood plasma. The AT III had been separated from 
the plasma by using an Heparin Sepharose gel. 

To 100 ml 2% AT III solution, 1.5 g stock solution (3 parts TNBP 
+10 parts Triton® X-100) was added. The temperature of the solu- 
tion was adjusted to 24**C and the solution stirred for at least 3 h. 
100 ml buffer containing 2 M sodium sulphate and 0.05 M 
sodium phosphate was slowly added. The resulting concentration 
of sulphate thus was 1 M. The solution was slowly stirred during 
the addition and for 30 minutes therafter before it was left to 
phase separate. The solution was then immediately filtrated. In 
the filtrate more than 95% of the antihrombin III activity was 
recovered. The content of Triton® X-100 was less than 5 ppm and 
the content of TNBP was less than 1 ppm. 

Example 4 : 

Albumin, manufactured by Pharmacia AB of Sweden, was isolat- 
ed by a modified "Cohn's cold ethanol method". 

0 To 100 ml 2% albumin solution, 1.5 g stock solution (3 parts TNBP 
+10 parts Triton® X-100) was added. The temperature of the solu- 
tion was adjusted to 24*C and the solution stirred for at least 3 h. 
100 ml buffer containing 2 M sodium citrate and 0.02 M sodium 
acetat was slowly added. The resulting concentration of citrate 

5 thus was 1 M. The solution was slowly stirred during the addition 
and 30 minutes therafter before it was left to phase separate. 
The solution was then immediately filtrated. 
In the filtrate over 95% of the albumin activity was recovered. 
The content of Triton® X-100 was 250 ppm and TNBP 35 ppm. 

0 

These higher concentrations of virus inactivating agents in the 
albumin solution can be explained with the^bility_^f_albu^^ to 
bind hydrofobic_agents. One purpose of albumin is to transport 
""h^drofobic molecules in blood. With albumin, therefore, a further 
5 separation is needed, for example a chromatographic step or dia- 
filtration. 
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CLAIMS 

1. Process for reducing the concentration of virus inactivating 
5 chemicals and/or detergents in an aqueous composition contain- 
ing a water-soluble plasma protein, characterised by forming 
vesicles containing the virus inactivating chemical and/or deter- 
gent by selecting a suitable combination of temperature and 
concentration above 0.5 M of a salt with a high salting out effect 

10 according to the Hofmeister series, and thereafter removing 

essentially all the vesicles from the aqueous phase, and subse- 
quently isolating the protein from the aqueous phase. 

2. Process according to claim 1, characterised In that the 
1 5 salt has an anion selected from the group consisting of citrate, 

tartrate, sulphate, acetate or phosphate, or mixtures thereof. 

3. Process according to claim 2, characterised In that the 
salt has an anion selected from the group consisting of citrate or 

20 sulphate, or mixtures thereof. 

4. Process according to any previous claim, characterised In 
that the salt concentration is above 1 M at a temperature in the 
range from room temperature up to 70*0. 

25 

5. Process according to any previous claim, characterised in 
that the salt concentration is above 1.5 M at a temperature in 
the range from O^C up to 70*C. 

3 0 6. Process according to any of claims 1-5, in which the vesic- 
les are removed from the aqueous phase by phase separation, 
preferably followed by filtration. 

7. Process according to claim 6, characterised In that an oil 
3 5 is added to the composition before the phase separation. 
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8. Process according to any of claims 1-5, in which the vesic- 
les are removed from the aqueous phase by filtration. 

9. Process according to any of claims 1-8, in which the water- 
5 soluble plasma protein is purified from blood. 

10. Process according to any of claims 1-8. in which the water- 
soluble plasma protein is recombinant. 

10 11. Process according to any previous claim, in which the virus 
inactivating chemical is tri-n-butyl phosphate (TNBP). 

12. Process acording to any previous claim, characterised in 
that the detergent is a polyoxyethylene ether. 

15 

13. Process according to claim 12, characterised in that the 
detergent is a Triton®, preferably Triton® X-100. 

14. Process according to any previous claim, characterised in 
20 that the pH is above 5, preferably above 6. 

15. Process according to any previous claim, in which the con- 
centration of the virus inactivating chemical and/or detergent is 
reduced to below 5 ppm. 

25 

16. Process according to any of claims 1-15, characterised if 
that the protein is antithrombin III. 

17. Process according to any of claims 1-15, characterised ii 
30 that the protein is transferrin. 

18. Process according to any of claims 1-15, characterised ii 
that the protein is albumin. 

3 5 19. Process according to claim 18 in which the protein phase is 
applied to an ion-exchange or affinity column after the vesicles 
have been removed from the aqueous phase. 
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